Research background and hypothesis. The absolute dominance of the isolated muscle presentation as the first and last word in muscular anatomy leaves the current generation of therapists unlikely to think any other way (Myers, 2009) . Hypothesis: functional relationships could be found between pelvic floor, diaphragm, and trunk muscles in men with prostate cancer.
INTRODUCTION
T he human locomotor system is, like nearly every other fascial structure in the body, constructed in doublebag fashion. Muscles are almost universally studied as isolated motor units. Such study ignores the longitudinal effects through this outer bag, as well as latitudinal (regional) effects now being exposed by research. Now it is clear that fascia distributes to strain laterally to neighboring myofascial structures; so that the pull on the tendon at one end is not necessarily entirely taken by the insertion at the other end of the muscle (Myers, 2009) .
It is generally assumed that fascia is solely a passive contributor to biomechanical behavior, by transmitting tension which is created by muscles or other forces, but there are recent hints which indicate that fascia may be able to contract autonomously and thereby play a more active role (Schleip, 2006) .
The central nervous system coordinates the motor activities of all trunk muscles (including the diaphragm) during both postural and respiratory tasks. Modulation of intraabdominal pressure occurs through coordinated activity of the diaphragm, abdominal and pelvic floor muscles (PFM), and such modulation may be important for the control of spinal stability .
The data also indicate that PFM activity is modulated during quiet breathing. However, this activity is more closely associated with the activity of the abdominal muscles than with changes in intraabdominal pressure (IAP) . During quiet breathing in standing, PFM activity was modulated with respiration (Smith et al., 2006) . It was hypothesized that PFM activity would be linked to periods of increased IAP to meet the demands of continence and control of pelvic viscera. During quiet breathing, IAP increases during inspiration in conjunction with diaphragm activity. However, as IAP is modulated during the respiratory cycle, it is likely that PFM activity may be modulated during other respiratory tasks, including quiet breathing (Hodges et al., 2007) . P. Neumann et al. (2002) found that PFM are also likely to be active with respiratory tasks. It is well accepted that PFM activity accompanies coughing and resisted expiration.
Coactivation of the diaphragm and abdominal muscles causes a sustained increase in intraabdominal pressure, whereas inspiration and expiration are controlled by opposing activity of the diaphragm and abdominal muscles to vary the shape of the pressurized abdominal cavity . Activation of the levator muscle during abdominal pressurization is important to this stabilization process. The integrity of the connection between the vaginal wall and tendinous arch also plays an important role. (Delancey et al., 2004) . Functionally, the levator ani muscle and the endopelvic fascia interact to maintain continence and pelvic organ support (Ashton-Miller et al., 2007) . S. J. Madill and L McLean (2006) stated that during voluntary PFM contractions, an increase in lower intravaginal pressure is not solely the product of PFM activation, but involves a specific coordination between the PFM, transversus abdominis (TrA), rectus abdominal, and internal oblique muscles (Madill, McLean, 2006) . The TrA generated 224% more activity during the pelvic floor contractions than during the abdominal hollowing exercises that were aimed at isolating and maximally activating this muscle (Urquhart et al., 2005) .
B. Junginger et al. (2010) revealed that bladder neck elevation occurred only during PFM and TrA contractions. They also reported that abdominal muscles in continent women contribute significantly to the development of lower intravaginal pressure during voluntary PFM contractions, particularly in the latter part of the contraction. R. R. Sapsford et al. (2001 a) reported that the PFMs were activated in each of three exercises: abdominal hollowing, abdominal bracing, and abdominal bracing with breath hold and also that the abdominal muscles were recruited when a PFM contraction was performed. R. R. Sapsford et al. (2001 b) and P. W. reported that with a maximal abdominal muscle contraction, the PFMs were activated to the same level as with a maximal voluntary PFM contraction. Similarly, P. Neumann and V. Gill (2002) found that it was not possible for continent women to fully contract their PFMs without contracting the TrA and the IO muscles as well.
PFM are likely to contribute to control of the spine and pelvis. Furthermore, PFM activity may also indirectly contribute to lumbopelvic control through an effect on tension developed in the thoracolumbar fascia; hoop tension of the fascia from contraction of the abdominal muscles is dependent on IAP. It is thought that synergistic activation from the abdominal muscles enhances a woman's ability to contract the PFMs (Madill, McLean, 2008) .
K. Bø (2004) found that three physiotherapists who were well trained in isolating PFM contractions were not able to perform a maximal PFM contraction without a rise in EMG activity in the lower portion of rectus abdominal (RA) muscle. PFMs and the abdominal muscles contract synergistically in continent women and it may be counterproductive to teach to contract the PFMs in isolation when performing PFM exercises.
L. Penning (2000) determined that functionally, the transversus abdominis, psoas, quadratus lumborum and lumbar multifidus have each been described as contributing to the control of lumbar segmental motion via either the maintenance of spinal equilibrium or the development of intersegmental stiffness.
In his book T. W. Myers (2009) presented the anatomical connections of all body muscles, also including diaphragm, pelvic floor and trunk muscles. Fascia is the structural connector of muscles, building the strong, pliable stuff which holds us together, forming the shared and communicative environment for all our cells.
Functional relations of abdomen and back muscles were described by numerous studies done by P. W. Hodges and others. The functional connections of pelvic floor and diaphragm are discussed in the scientific literature by M. D. Smith et al. (2006) , P. Neumann et al. (2002) . A number of studies were carried at analyzing the importance of pelvic floor muscles in women health and pathologies. Despite the anatomical differences there is a lack of evidence about the functional characteristics of pelvic floor in men.
The aim of this study was to evaluate functional associations between pelvic floor, diaphragm, and trunk muscles among men with prostate cancer. We hypothesized that between pelvic floor, diaphragm, and trunk muscles in men with prostate cancer there must be functional relationships.
RESEARCH METHODS
The study included 81 male volunteers diagnosed with prostate cancer. The study was conducted at Department of Urology, Hospital of Lithuanian University of Health Sciences Kauno Klinikos during 2010-2012. The study obtained ethical approval No. BE-2-61 by Kaunas Regional Committee for Biomedical Research.
Objectively pelvic floor muscles strength and endurance were measured using "Peritron 9300" device, the strength of diaphragm was estimated using "MicroRPM", the strength of transversus abdominal was assessed using "Stabilizer". The trunk muscles were tested using tests for static endurance of abdominal and back muscles. All measurements were conducted one day before radical prostatectomy surgery.
The assessment of pelvic floor muscle strength and endurance was done with a patient in left lateral position and knees drawn up at about 45°. For higher accuracy and repeatability participant had to be in the same position each session and the anal sensor had to be inserted at the same amount. For evaluation of pelvic floor strength, a person was asked to squeeze his muscles at maximum. The maximum result (in cm H 2 O) was calculated as follows: within 1.8 second there were three readings recorded -every 0.6 seconds each. For the evaluation of pelvic floor endurance, a person was asked to squeeze and keep his muscles in maximal contraction as long as possible. The result of endurance was set as a time (in seconds) between maximal contraction and decrease of maximal contraction by more than 5%. The measurements of strength and endurance in two sessions and their arithmetic mean were used for analyses.
Strength of breathing muscles (in cm H 2 O) was evaluated as maximum inhalation pressure (PImax) and maximum exhalation pressure (PEmax). The procedure was conducted in sitting position: a patient was asked to breathe in to maximum and exhale to maximum, and then vice versa. Result was recorded only when the person had maximum inhalation or exhalation shorter than 3 seconds. For accurate measurements the tube was essential.
The assessment of the strength of transversus abdominis muscle was performed in position lying on abdomen and making contracting movement of abdominal wall. The person was asked to lie on belly with neck and head relaxed and kept at middle line of the body. Device pillow was set at lower abdomen so that the distal margin of the pillow would converge with anterior iliac line. The stabilizer pressure was set at 70 mmHg. The person was asked to contract his lower abdomen slowly without supporting movements of spinal cord, hips, shoulders or pelvis, and keep such position for 10 seconds with regular breathing.
Decreasing pressure on stabilizer manifests in negative numbers which shows improving TrA activity. The study results were considered as positive if the pressure on device decreased to 1 mmHg (in ideal case to -10 mmHg). If, however, the pressure increased, this was observed in positive numbers on the device and showed improper contraction of TrA and was defined as 0. The measurement was performed in two sessions and their arithmetic mean was used for analyses.
The static endurance of abdominal muscles was tested lying supine with bend knees and hips 45°. The person was asked to raise his head and shoulders with arms kept across the body and keep this position as long as possible. The static endurance of back muscles was tested lying prone. The person was asked to raise his head and shoulders with arms kept across the body and keep this position as long as possible. The static endurance of abdominal and back muscles at norm is 300 seconds (5 minutes). The measurement was performed in one session (due to fatigue) and the mean was used for analyses.
Statistical data analysis was performed using SPSS for Windows 20.0 and Microsoft Office Excel 2010 software. Functional associations were evaluated according to Pearson correlation coefficient r, where r = 0 is considered as no correlation, 0.0 < |r| ≤ 0.3 as very low correlation, 0.3 < |r| ≤ 0.5 -low correlation, 0.5 < |r| ≤ 0.7 -moderate correlation, 0.7 < |r| ≤ 0.9 -high correlation, and 0.9 < |r| ≤ 1.0 -very high correlation. Statistical significance level was set at 95% (p < 0.05).
RESEARCH RESULTS
The analysis of functional associations between the strength of pelvic floor muscles (PFM) and other muscles showed that it strongly and significantly (p < 0.001) correlated with the strength of diaphragm (r = 0.79). The association between PFM and diaphragm was linear and it is presented in Figure 1 .
The association of strength between PFM and exhalation muscles was found to be at the level of moderate linear correlation (r = 0.65) and this was statistically significant (p < 0.001). Similarly, but lower moderate correlation (r = 0.50) was found between the strength of PFM and endurance of back muscles (p < 0.001). Even lower though statistically significant correlations were found between strength of PFM and endurance of abdominal muscles (r = 0.44; p < 0.001), strength of transversus abdominis muscle (r = 0.32; p = 0.004) and endurance of PFM (r = 0.29; p = 0.009). Thus, it can be concluded that with the increase of PFM strength, the strength of diaphragm, exhalation muscles, and transversus abdominis muscle increases too as well as endurance of abdominal, back, and pelvic floor muscles. The evaluation of functional associations of strength of diaphragm showed that there was a strong positive linear correlation with the strength of exhalation muscles (r = 0.78) (p < 0.001), which is shown in Figure 2 .
The strength of diaphragm muscle statistically significantly and positively correlated with endurance of abdominal (r = 0.56) and back (r = 0.51) muscles (p < 0.001).
Analysis of associations of endurance of abdominal muscles (Figure 3 ) revealed strong positive correlation with endurance of back muscles (r = 0.72) and this was statistically significant (p < 0.001).
Endurance of pelvic floor muscles showed functional association at moderate correlation Endurance of back muscles, s
Endurance of abdominal muscles, s level with transversus abdominis muscle (r = 0.59; p < 0.001). Meanwhile the correlation with the strength of exhalation muscles was low (r = 0.37), though statistically significant (p = 0.001). Similarly, low positive correlations were found between the endurance of PFM and the endurance of abdominal (r = 0.36) and back (r = 0.34) muscles, and still statistically significant (p = 0.001 and p = 0.002, respectively). In general, it can be stated that with the increase of endurance of pelvic floor muscles, the strength of exhalation muscles as well as endurance of abdominal and back muscles increases too. Analysis of strength of transversus abdominis muscle revealed moderate (r = 0.69) statistically significant correlation with the endurance of abdominal muscles (p < 0.001), which is presented in Figure 4 .
The correlation between endurance of back muscles and strength of transversus abdominis muscle was low (r = 0.39), positive and statistically S. J. Madill et al. (2006) reported that the high relative activation levels for TrA and internal oblique muscle are more closely tied synergistically to the PFMs than rectus abdominis and external oblique muscle. This finding is consistent with our study which found that TrA moderately correlated with the endurance of pelvic floor muscles. Coactivation of the abdominal muscles with the PFMs has also been previously reported by R. R. Sapsford et al. (2001) . The results of this study showed that thickness of the TrA and internal oblique muscle changes during contraction of PFM. This indicates that there exists a coactivation between pelvic floor and abdominal muscles during PFM contraction. This finding is in accordance with EMG studies showing a co-contraction of abdominal muscles during PFM contraction reported by A. M. Arab and M. Chehrehrazi (2011) . They also found that maximal contraction of the PFM was associated with the activity of all abdominal muscles which increases the IAP as well as TrA muscle.Our study findings also demonstrate that the activation of transversus abdominis muscle leads to activation of pelvic floor muscles. Similarly, endurance of abdominal muscles has also influence on endurance of pelvic floor muscles.
We found that the correlation between endurance of transversus abdominis muscle and that of abdominal muscles was moderately positive, which can be explained by synergy of those muscles. During the test of endurance of abdominal muscles, the activation of transversus abdominis muscle takes place too, therefore its condition has certain impact on the test results -the higher activity of transversus abdominis muscle, the higher endurance of abdominal muscles. These findings support the results of study by S. J. Madill and L. McLean. (2006) .
A number of studies done by P. W. Hodges et al. (2003) and L. Penning (2000) have reported on the anatomical, biomechanical or neurophysiologic characteristics and relations of the transversus abdominis, psoas, quadratus lumborum and lumbar multifidus muscles in the context of spinal stability. In our study we found functional relationships between endurance of abdominal and back muscles. This can be explained by antagonistic nature of those muscle groups and in case of balance between those muscles they have influence on each other. significant (p < 0.001). Similarly, low positive correlations were found with the strength of diaphragm (r = 0.40) and exhalation muscles (r = 0.42) (p < 0.001).
In our study, strength of exhalation muscles moderately correlated with the endurance of abdominal muscles (r = 0.57) and slightly weakerwith endurance of back muscles (r = 0.48) (p < 0.001).
DISCUSSION
Our study results demonstrated that the strength of pelvic floor muscles correlated with that of diaphragm. This means that the activation of diaphragm has influence on the activity of pelvic floor muscles and vice versa. This finding supports M. D. Smith et al.'s (2006) results showing that during quiet breathing in a standing position, PFM activity was modulated with respiration. Based on their own studies, P. W. Hodges et al. (2007) state that IAP is modulated during the respiratory cycle, while PFM activity is modulated during other respiratory tasks, including quiet breathing. Thus it can be stated that during the breathing, pelvic floor muscles undergo activation as a reaction to IAP. Our study shows that both the strength of transversus abdominis muscle and the endurance of static abdominal muscles correlate with the strength of diaphragm and exhalation muscles which supports the findings of abovementioned researchers. It can be concluded that during activation of breathing muscles the strength of pelvic floor muscles is also improving.
Additionally, our study estimated the associations between strength and endurance of pelvic floor and abdominal muscles. Our results also support the previous findings by P. Neumann and V. Gill (2002) , and R. R. Sapsford et al. (2001) who suggested that synergistic activity of abdominal and pelvic floor muscles was important in terms of generating adequate urethral closing pressures. K. Bø et al. (1990) also found the high crosscorrelation coefficients between the PFMs and the abdominal muscles that were computed from the 30 seconds series of repeated contraction data, which was likely the result of muscle synergistic action. This is a logical synergy as the PFMs close the pelvic outlet and these muscles and their associated fascia are the only structures within the pelvis capable of resisting gravitational forces and intraabdominal pressure.
CONCLUSIONS AND PERSPECTIVES
1. The findings showed that functional indicators of muscles were directly associated with each other in men with prostate cancer. 2. The strength of pelvic floor correlated with endurance of pelvic floor muscles, endurance of abdominal and back muscles, strength of diaphragm and transversus abdominis muscles in men with prostate cancer. 3. The results of this study confirmed that functional relations between pelvic floor, diaphragm, and trunk muscles existed in men with prostate cancer. We think that our findings have important clinical implications for PFM rehabilitation. First, the results of the study suggest that the contraction of PFM is associated with strength of diaphragm, status of abdominal muscles and activity of transversus abdominis muscle. Exercises of these muscles should be considered in the rehabilitation. Attempts to normalise the coordination between abdominal and PFM may be an important step in rehabilitation. This requires multifaceted assessment of the activity of PFM and abdominal muscles.
The second clinical implication is that the initial activation of PFM could be achieved by gentle contraction of transversus abdominis muscle in some men. This might be helpful in men who have problems with the perception of their pelvic floor and who are not able to contract their PFM because of decreased pelvic floor awareness.
In the future it would be interesting to analyse how such functional relationships change following surgery, when poor balance of muscles appears and how the muscles change throughout the rehabilitation process.
